
Dr.	  Mar'n	  Pall,	  PhD	  
Washington	  State	  University	  

School	  of	  Molecular	  Biosciences	  
	  •  Professor	  Emeritus	  Faculty	  in	  Biochemistry	  and	  Basic	  

Medical	  Sciences	  

•  Developing	  chronic	  fa>gue	  led	  to	  MCS	  Research	  
•  8	  int’l	  awards	  for	  work	  in	  environmental	  medicine	  &	  

research	  into	  MCS	  mechanisms	  

•  Developed	  interest	  in	  EHS	  research	  

•  2005	  address	  to	  special	  session	  of	  EU	  parliament	  

•  2009	  J.	  of	  Gen	  &	  Applied	  Toxicology,	  3rd	  Ed	  on	  MCS	  

•  2013	  paper	  Mechanism	  of	  Ac?on	  in	  EMF	  Exposure	  
•  2014	  of	  the	  Jonathon	  Forman	  Award,	  American	  

Academy	  of	  Environmental	  Medicine	  
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	  •  Thousands	  of	  papers	  show	  biological	  effects	  above	  interna>onal	  standards	  

•  Substan>al	  literature	  shows	  (all)	  EMF’s	  ac>vate	  the	  voltage	  gated	  calcium	  
channels	  (VGCC)	  in	  the	  cell	  membrane	  &	  Increase	  intercellular	  Ca	  ions	  

•  Pulsed	  EMF’s	  are	  much	  more	  bio-‐ac>ve	  than	  non-‐pulsed	  fields	  –	  30	  years	  
•  This	  inconsistent	  with	  the	  thermal/hea>ng	  paradigm	  	  
•  Series	  of	  studies	  show	  effects	  can	  be	  blocked	  by	  calcium	  channel	  blockers	  
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•  increased	  intracellular	  Ca	  can	  act	  to	  
s>mulate	  NO	  synthesis,	  such	  NO	  
increases	  may	  also	  have	  an	  important	  
role	  in	  biology	  &	  medicine	  

•  	  Pilla	  showed	  that	  such	  low-‐intensity	  
pulsed	  microwave	  exposures	  produce	  
increases	  in	  both	  Ca2	  and	  NO	  synthesis	  in	  
less	  than	  5	  seconds	  	  

•  VGCCs	  have	  been	  shown	  to	  have	  a	  
universal	  or	  near	  universal	  role	  in	  
conver>ng	  electrical	  effects	  into	  chemical	  
changes	  in	  the	  cell	  	  
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•  100s	  of	  studies	  show	  low	  intensity	  microwave	  exposures	  are	  followed	  by	  
changes	  in	  calcium	  fluxes	  and/or	  by	  changes	  in	  calcium	  signaling.	  	  

•  100s	  of	  studies	  show	  low-‐intensity	  microwave	  produce	  oxida>ve	  stress	  
responses	  due	  to	  downstream	  effects	  of	  VGCC	  ac>va>on	  	  

•  There	  can	  be	  no	  ques>on	  that	  VGCCs	  are	  the	  major,	  perhaps	  the	  only	  
targets	  of	  low	  intensity	  EMFs	  in	  the	  body.	  	  
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•  Studies	  demonstrate	  weak	  EMFs	  
ac>va>ng	  VGCC-‐like	  channels	  in	  plants.	  
	  

•  Studies	  of	  tomato	  plants	  and	  tomato	  cells	  
in	  culture	  show	  weak	  microwave	  fields	  
ac>vate	  VGCC-‐	  like	  channels	  and	  raise	  
calcium	  signaling	  

•  Effects	  were	  blocked	  by	  calcium	  channel	  
blockers	  	  

•  Strongly	  suggest	  weak	  microwave	  RF	  
ocen	  ac>vate	  VGCC-‐like	  channels	  in	  
plants,	  ac>ng	  similarly	  to	  the	  way	  such	  
fields	  act	  in	  animals!	  	  
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	  •  There	  can	  be	  no	  ques>on	  that	  VGCCs	  are	  the	  major,	  perhaps	  the	  only	  

targets	  of	  low	  intensity	  EMFs	  in	  the	  body.	  	  
•  How	  VGCC	  ac>va>on	  act	  to	  produce	  biological	  changes	  in	  the	  body?	  	  
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Worse	  Case	  Scenarios-‐	  Au>sm	  

•  The	  au>sm	  epidemic	  is	  probably	  largely	  caused	  by	  EMF	  exposures	  
(although	  chemicals	  also	  have	  a	  role)	  	  

–  32	  different	  types	  of	  evidence	  support	  pathway	  of	  ac>on	  from	  microwave	  exposure	  by	  
disrup>on	  of	  synapse	  development	  

•  US	  au>sm:	  one	  birth	  in	  68	  or	  1.5%	  based	  2002	  data.	  	  

•  With	  rapid	  increase	  in	  au>sm,	  the	  incidence	  in	  2015	  may	  be	  vastly	  higher	  

•  In	  California,	  over	  a	  11	  year	  period,	  au>sm	  went	  up	  16.6	  fold.	  A	  similar	  
increase	  of	  the	  2002	  birth	  levels	  would	  bring	  us	  up	  to	  about	  25%	  of	  births.	  	  
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•  Human	  male	  and	  female	  infer>lity	  &	  spontaneous	  abor>on	  are	  increasing	  	  

•  We	  know	  that	  these	  can	  each	  be	  caused	  by	  microwaves	  	  

•  Most	  extensive	  evidence	  that	  male	  infer>lity	  is	  caused	  by	  microwave	  
exposure	  (easiest	  to	  study)	  and	  that	  it	  is	  caused	  partly	  by	  oxida>ve/	  
nitrosa>ve	  stress	  	  

•  Pairs	  of	  mice	  mated	  at	  two	  exposure	  levels	  within	  safety	  standards	  near	  a	  
large	  numbers	  of	  broadcas>ng	  antennas	  went	  through	  only	  two	  
genera>ons	  (higher	  exposure)	  or	  four	  genera>ons	  (lower	  exposure)	  
before	  complete	  sterility	  
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•  There	  is	  an	  epidemic	  of	  premature	  Alzheimer’s	  disease.	  

•  Studies	  show	  occupa>onal	  exposure	  to	  extremely	  low	  frequency	  EMFs	  increases	  
Alzheimer’s.	  	  

•  Electromagne>c	  pulse	  exposure	  induces	  overexpression	  of	  beta	  amyloid	  protein	  
(plaque)	  in	  rats.	  Arch	  Med	  Res.	  2013	  Apr;44(3):178-‐84	  
	  

•  The	  epidemic	  of	  premature	  Alzheimer’s	  may	  be	  due	  to	  exposures	  25	  years	  ago	  
when	  RF	  levels	  were	  much	  lower	  	  
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•  Only	  3	  studies	  showing	  muta>ons	  in	  male	  germ	  line	  cells	  following	  microwave	  
exposures,	  to	  my	  knowledge	  

•  It	  is	  es>mated	  that	  increasing	  our	  muta>on	  frequency	  to	  2.5	  to	  3	  >mes	  the	  normal	  
level	  will	  make	  us	  ex,nct	  
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•  Longer	  exposures	  of	  a	  specific	  type	  ocen	  produce	  much	  more	  
severe	  effects	  i.e.	  cumula>ve.	  Effects	  

•  This	  was	  seen	  in:	  	  	  
– Mouse	  infer>lity	  study	  discussed	  previously.	  	  
–  Occupa>onal	  exposures	  studies	  from	  the	  1970s.	   
–  Histological	  studies	  of	  changes	  in	  rodent	  brain	  structure	  

•  Brief	  exposures	  produced	  more	  modest	  effects	  
•  Effects	  largely	  reversed	  following	  cessa>on	  of	  exposure;	  	  
•  Prolonged	  exposure	  produced	  more	  severe	  and	  irreversible	  effects	  	  

•  Cumula>ve	  effects	  on	  the	  human	  genome	  are	  also	  predicted	  for	  
muta>onal	  effects.	  	  
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Conclusions	  
•  Strong	  support	  for	  cell	  level	  effects	  from	  RF	  and	  other	  man-‐made	  EMFs	  
•  VGCCs	  has	  physical	  proper>es	  which	  predict	  that	  it	  is	  exquisitely	  sensi>ve	  

to	  external	  EMFs	  	  
•  Downstream	  effects	  of	  VGCC	  ac>va>on	  are:	  	  

–  Therapeu>c	  effects	  
–  Oxida>ve	  stress;	  	  
–  Ca2+	  flux/signaling	  changes	  
–  Cellular	  DNA	  strand	  breaks	  
–  Cancer	  
–  Diverse	  neuropsychiatric	  effects	  
–  Male	  and	  female	  infer>lity	  
–  Breakdown	  of	  the	  blood-‐brain	  barrier	  
–  Neuroendocrine	  effects	  including	  	  

•  melatonin	  deficiency	  
•  cardiac	  pacemaker	  effects	  leading	  to	  arrhythmia	  and	  sudden	  cardiac	  death.	  	  

–  “Sounds	  very	  much	  like	  hell	  on	  earth.	  Its	  highly	  plausible	  and	  perhaps	  highly	  
probable”	  
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Lack	  of	  absolute	  certainty	  on	  the	  extent	  of	  these	  
effects	  cannot	  be	  the	  basis	  for	  lack	  of	  vigorous	  
ac>on.	  	  
	  
Pupng	  us	  at	  great	  risk	  is	  completely	  unacceptable	  


